INTRODUCTION
Path following has been studied and applied in several applications such as in the fields of factories, ship navigations and hospitals. It must have high operational performance, be able to move freely in narrow spaces, and reach desired points precisely without complicated switchovers.
Many research results of omnidirectional mobile robot have been implemented for a path-following problem using various techniques. Li et al. (2007) issued the PD controller of OMP for sinusoidal path-following problem, but considered only the kinematic model which ignored the system dynamic. Vazquez and Villa (2007) also proposed computed-torque controller using PD feedback law of OMP based on its dynamic model for solving the circular path-tracking problem. However, they presented only simulation results. Nagy et al. (2004) proposed the real time control strategy to move OMP from initial point to target point with minimum time. Hung et al. (2009) proposed the OMP controller for trajectory tracking problem using propotional-differential sliding mode controller. Watanabe et al. (1998) (Yagiz and Haciogiu 2008; Sulaiman et al. 2010; Fierro and Lewis 1997; Zhang et al. 2003) . They used a control scheme of integrating a kinematic modeling into a dynamic modeling. However, there are little researches about an omnidirectional mobile platform using a backstepping control technique. This paper proposes a robust controller design for an omnidirectional mobile platform (OMP) using backstepping control. A kinematic modeling and a dynamic modeling of the system are presented. Based on the dynamic modeling, a backstepping controller is designed to stabilize the OMP to follow a desired path. The backstepping technique has two steps (Chen et al. 2009; Slotine and Li 1991) : firstly, a virtual state and a stability function are introduced. Next, Lyapunov functions are chosen.
A control law is obtained based on Lyapunov's direct method with backstepping technique that guarantee the system's stability. The simulation and experimental results are presented to demonstrate the effectiveness of the proposed controller. Figure 1 shows the configuration of the OMP. It consists of a frame, three driving omnidirectional wheels, a control system, a camera sensor, etc. (1) The mass center of the OMP is coincident with the geometric center C of the OMP.
SYSTEM MODELING
(2) Kinematic's parameters such as wheel's radius r, distance L are known exactly.
(3) The disturbance vector exerted on the OMP consists of motion surface friction and slip phenomena between the wheel and the ground is ignored.
Kinematic modeling and dynamic modeling of the OMP are presented.
Kinematic modeling
The rotation matrix R(θC) from the moving coordinate frame to the global coordinate frame is given by:
The position vectors pW1, pW2, pW3∈ℜ 2×1 of the three wheels with respect to the moving coordinate frame attached at the mass center of the OMP can be obtained as follows:
The drive direction vectors of the i th wheel dWi∈ℜ
3) are calculated as follows:
A kinematic equation of a three-wheeled omnidirectional mobile platform (Sulaiman, 2010) can be expressed as follows:
where z=[w1 w2 w3] T is the wheel angular velocity vector, and H -1 ∈ℜ 3×3 matrix is given as:
T of the OMP is reduced into:
Dynamic modeling
The dynamic equation of OMP (Nagy et al. 2004 ) can be written as:
Eq. (7) is rewritten as follows: 
I represents the moment of inertia and m is the mass of the mobile robot. The parameters, δ and β, are the motor characteristic coefficients, they are obtained from motor experiment. T is defined as a posture vector and the velocity vector is definedas x2=q
Eqs. (6) and (8) can be written into:
where:
DESIGN OF CONTROLLER
In this section, the backstepping controller design is proposed.
The backstepping methodology is a sort of recursive design algorithm. Since the strict-feedback system is formulated, the Lyapunov direct method is employed to stabilize the feedback loop.
*
Step 1: A posture tracking error vector ep=[ex ey eθ] T is defined as follows:
where xr=[xr xy θr]
T is defined as a reference posture vector on the reference path. Figure 3 shows the configuration of the posture tracking errors.
Fig. 3 Configuration of the posture tracking errors ex ey eφ
In applying the backstepping technique, a backstepping error vector eb=[eb1 eb2 eb3] T isdefined as:
where x2 is chosen as a virtual control input and a stability function vector α for x2 is chosen as follows:
where K1 is a positive definite matrix.
From Eqs. (9)~(12), the time derivative of ep is given into: 
The first Lyapunov function candidate associated with the tracking error is chosen as:
The derivative of the Lyapunov function candidate is evaluated as:
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Eq. (15) cannot guarantee V 1≤0 when ep≠0 and eb≠0. Thus, the second Lyapunov function candidate must be considered.
*
Step 2: According to step 1, the second Lyapunov function candidate is chosen as:
From Eq. (11), the time derivative of eb is written as: 
So the feedback control law is chosen as follows:
where K2 is a positive definite matrix. Substituting Eq. (20) into Eq. (19) yields:
V 2≤0 is guaranteed negative.
Now the time derivative of eb is rewritten as: 
ERROR DETECTING SCHEME
To achieve the controller, the errors have to be detected. Table 1 and  Table 2 show the numerical parameter values and the initial values of the state variables for simulation. 
